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Introduction
Sampling for intervention and epidemiological studies in primary care represents a challenge for researchers. The balance has to be struck between efficiency of sampling and the ability to generalise findings. There are probably four main methods of recruitment in primary care (Fig. 1) .
Recruiting from the general population, by surveying a representative sample to identify cases of the condition.
For example, the Bristol Helicobacter Project approached 27 536 adults through their general practices, and eventually identified 1634 positive H pylori cases for a randomized controlled trial (RCT) and epidemiological study. 1 This method minimizes the risk of selection bias, and maximizes the ability to apply findings to the general population with the disease or condition. However, it is inefficient, requiring the survey of a large number of individuals to generate a relatively small sample. As well as significant practical and resource implications, there are potential ethical difficulties with involving many people in research which is unlikely to be directly relevant to them.
Recruiting by invitation from a targeted convenience sample, such as those on a practice disease register. For example, a study of an asthma intervention could recruit from those in one or a few practices listed as receiving regular inhaled beta-agonists. 2 This method has a higher risk of selection bias, but will generally improve the case identification rate. A relative lack of knowledge about the denominator hampers prevalence calculations from this kind of sampling, and the ability to generalize findings.
Recruiting patients with the condition under investigation opportunistically as they attend for treatment.
For example, an intervention in lateral epicondylitis recruited from consecutive attenders with this condition in a group of practices in England. 3 Recruitment rates can be relatively low, and the process difficult. It generally requires several enthusiastic practitioners to be actively involved in recruitment, takes a long time, risks selection bias, 4 and suffers from an unknown denominator. In the epicondylitis study 3 it took 37 GPs two years to recruit 164 subjects. Although the authors estimated that the effect of selection bias was minimal, they were unable to identify eligible patients not recruited, and therefore were unable to estimate incidence rates or confirm representativeness of their findings.
Sampling patients from those referred to secondary care.
For example, a study of home based care for people with chronic obstructive pulmonary disease recruited from patients who had attended or been admitted to hospital with the disease. 5 For most conditions treated in primary care, those who attend hospital clinics represent a small, selected proportion of all patients in the practice with the condition under investigation, as demonstrated at pain clinics. 6 Findings from an intervention study which used this sampling frame may therefore be difficult to apply to all patients attending primary care, where conditions will generally be less severe, but where management of other co-existing conditions must also be considered. 7 Other methods of sampling in primary care include voluntary methods (such as response to advertisements, 8 recruiting from the waiting room, 9 or use of electronic databases. 10 These may be useful for some purposes, but have a high risk of selection bias.
The target population, that is the group of people to whom the findings are to be generalized, will determine the sample requirements. For example, the sample for an intervention study such as a RCT should ideally be representative of people with the condition for which the intervention is intended, or at least any important differences should be known. On the other hand, a sample for an epidemiological study should be representative of the population at risk, or any important differences should be known, if information on the distribution and determinants of the condition under study are to be extrapolated meaningfully. Targeted sampling represents a compromise between the need for representativeness and the need for efficient and ethical sampling. However, the relative efficiency and the effects of this compromise are unknown.
We compared the characteristics of samples recruited by two methods in primary care for research on chronic pain, one a targeted convenience sample and the other a general population sample, aiming to examine the utility of each for both an intervention study and for epidemiological research. We compared the efficiency of each method at identifying individuals for a hypothetical RCT, by calculating the 'number needed to sample' (NNS) in order to arrive at the required sample size. We also compared the response rates and follow-up rates four years later, and demographic and health-related characteristics of those identified by each sampling method, as indicators of their respective efficiency and utility for cross-sectional and cohort studies. This analysis is intended to inform consideration of sampling methods for future studies in primary care, and the extrapolation of results from existing studies to the general primary care population.
Research on chronic pain in primary care has used most of the sampling methods described above. [11] [12] [13] [14] A recent RCT of acupuncture in back pain recruited consecutive in-patients aged 20-60 with low back pain at a rehabilitation centre, 11 with a calculated required sample size of 380. The findings of the study cannot be extrapolated directly to a primary care population, but the intervention could be. For our hypothetical study, we therefore tested the ability of our samples to identify individuals from the general primary care population aged 25-64 with severe chronic back pain who stated that they were willing to participate in further research. (The slight difference in age ranges was necessary as our research involved adults aged 25 years and above. Although such restriction by age may impose a further limitation on the ability to extrapolate to the majority of individuals with chronic back pain, 4 our intention was for this hypothetical study to reflect a recent example.) How would our different methods of recruitment affect the conduct and results of a primary care based study of acupuncture in adults with severe chronic back pain?
Methods
In 1996 we initiated a cohort study of chronic pain, designed to examine its prevalence, distribution, onset and recovery in the community. We selected two samples of patients from 29 general practices in Grampian, Scotland. All practices in Grampian who used the General Practice Administration System for Scotland (GPASS) computer system were invited to participate (n = 67), and 29 agreed to do so. The GPASS system is widely used throughout Scotland, and one of its main uses is the administration of repeat prescriptions. 15 The 29 practices were sent an electronic questionnaire (EQ) computer disk, 15 which interrogated the practice GPASS database, and downloaded names and addresses of all patients recorded as being in receipt of regular prescriptions for an analgesic [all drugs listed in the British National Formulary 16 Section 4.7 (analgesics), Section 10.1.1 (non-steroidal anti-inflammatory drugs) and Section 10.3.2 (rubefacients and other topical antirheumatics) except legally controlled drugs such as morphine (prescriptions for which cannot be generated legally by computer in the UK)]. Previous work 17 had shown that only a very small proportion of patients who receive regular pain-related medication would be missed by not searching for controlled drugs, nor for aspirin, tricyclic anti-depressants or anti-convulsants, all of which are primarily prescribed regularly for non-painful conditions. This approach provided a targeted 'pain-rich' sampling frame, from which 4175 individuals aged over 25 years were randomly sampled, stratified by age, gender and registered practice. We have called this the 'repeat prescription' sample.
The Community Health Index (CHI) is a list of all patients registered with any GP in Scotland, probably around 98% of the population. 18 Each patient is identified by a unique 10-digit number, and recorded details including the name, address, gender, date of birth and registered GP of each individual. The CHI relating to the populations registered with the 29 participating practices was obtained. A further 5036 individuals aged over 25 years were sampled from this, similarly stratified by age, gender and registered practice. Everyone in each practice aged over 25, including those receiving regular analgesic prescriptions, were eligible to be selected for this sample. Anyone already identified in the repeat prescription sample was replaced by the next name on the CHI list, to avoid duplicate mailing of questionnaires. The sample drawn from the CHI was intended to represent the general population, and we have called this the 'general population' sample.
Both sample lists were reviewed by the GPs, in order to remove individuals who were considered unsuitable for mailing (for example because of terminal or severe psychiatric illness). GPs were not asked to specify a reason for any exclusions. A questionnaire was sent to everyone remaining on the lists, with a covering letter signed by a member of the research team and a GP from the practice. Up to two reminders were sent to non-responders. The questionnaire included questions to identify the presence of chronic pain ('persistent or intermittent pain or discomfort present for three months or longer' 19, 20 ) ; the reported cause of any chronic pain (back pain or sciatica, arthritis, injury, women's problems, angina, cancer, other, or unknown); the Chronic Pain Grade (CPG) questionnaire; 21 the SF-36 general health questionnaire; 22, 23 and socio-demographic indicators (marital status, housing tenure, occupation, employment status, level of formal education). Respondents' age and gender were already identified during the sampling process. Social class was determined according to the Registrar General's occupational classification 24 where this was possible from the information provided. This was only possible for those in employment at the time of survey, and provided classifications from social class 1 (higher professional occupations) to 5 (unskilled manual occupations). Housing tenure was used as a substitute for social class, with councilrented accommodation representing the lowest category. 25 The CPG classifies chronic pain severity into four grades according to its perceived intensity and pain-related disability: Grade I (low intensity-low disability); Grade II (low intensity-high disability); Grade III (high intensity-high
The 'number needed to sample' in primary care research disability-moderately limiting); and Grade IV (high intensity-high disability-severely limiting). It was designed and validated in a primary care setting in USA 21 with its validity for postal research confirmed in the UK. 26 Each of the eight SF-36 dimensions has a maximum score of 100, this representing good health. Finally, all respondents were asked whether they would be willing to participate in further research.
A follow-up survey was conducted approximately four years later, in 2000. A list of all respondents who had agreed to participate in further research was reviewed by the GPs. Patients were excluded if they had left the practice (and their address was therefore unknown), if they had died, or for other unspecified reasons as before. The questionnaire in the follow-up survey was similar to that used in the 1996 survey, but included the reported site (rather than cause) of any chronic pain (back; neck or shoulder; head, face or teeth; stomach or abdomen; limbs; chest; or other). 27 The 1996 and 2000 surveys were both approved by the Grampian Research Ethics Committee. Full details of the questionnaires, and epidemiological findings from the general population sample have been reported previously. [28] [29] [30] Respondents with chronic back pain were identified as those responding positively to chronic pain identification questions, and identifying back pain as the cause of chronic pain in 1996, or the back as the site of chronic pain in 2000. Demographic characteristics and response and follow-up rates of the two samples were compared using chi-square testing. Scores on the SF-36 and CPG were compared using the Mann-Whitney U test for non-parametric data.
Corrected response rates were calculated as the number of questionnaires returned, divided by (the number posted minus the number returned by the postal service as sent to an incorrect address minus the number returned with a statement that the addressee was unable to complete it because of, for example, death or incapacity).
Results

Efficiency of sampling
The proportions excluded and responding in 1996 differed between the samples, with the repeat prescription sample being generally more efficient at each stage (Table 1) . A total of 3335 individuals responded from the repeat prescription sample and 3605 from the general population sample, representing corrected response rates of 86.5% and 82.3%, respectively. In the repeat prescription sample 2019 respondents (60.5% of respondents) agreed to participate in further research, compared with 2422 (67.2%) in the general population sample. After 4 years, 1610 from the repeat prescription sample could be resurveyed (48.3% of original respondents), of whom 1387 responded to the follow-up questionnaire (corrected response rate 86.1%). In the general population sample, a total of 1937 could be re-surveyed (53.7% of original respondents), of whom 1608 responded to the follow-up questionnaire (corrected response rate 83.0%).
There was a total of 248 people in the repeat prescription sample aged between 25 and 64 who had a Corrected response rate calculated as (number of questionnaires returned)/(number posted Ϫ number returned after being posted to an incorrect address Ϫ number returned with statement that respondent was unable to complete it)%. b Percentage difference between total repeat prescription sample and total general population sample. c Age-group at baseline (1996). d Follow-up rate is calculated as (number responding to 2000 survey)/(number responding to 1996 survey)%, and includes losses due to (a) not agreeing to further contact, (b) loss of address or contact, and (c) non-response.
had severe (CPG III or IV) chronic back pain in 1996 and who were willing to participate in further research, compared with 60 in the general population sample (Table 2) . To achieve a sample size of 380 people aged between 25 and 64 with severe chronic back pain for our hypothetical intervention study, the original repeat prescription sample size would need to have been 3780 (380/248 ϫ 2467) for the repeat prescription sample (an NNS of 9.9 for each eligible subject). This compared with 20786 (380/60 ϫ 3282) for the general population sample (an NNS of 54.7 for each eligible subject). Corrected response rates in 1996 and rates of follow-up in 2000, among those aged 25-64, were compared between the two recruitment methods by age and sex (Table 3) . The repeat prescription sample had higher response rates overall, from both gender groups, and from the oldest and youngest age-groups, and was therefore more representative of its population. The rate of followup, however, was the same in both samples (50.0%).
External validity
There were highly significant differences in the demographic characteristics of the repeat prescription sample (aged 25-64) compared with the general population sample (Table 4) . The repeat prescription sample had lower proportions of respondents from younger age-groups, those still living as married, higher socio-economic groups, those in employment and with higher educational levels than the general population sample. However, respondents identified from the repeat prescription sample, aged 25-64 with severe chronic back pain who agreed to participate in further research were demographically similar to those identified from the general population sample, with the only significant difference found to be in employment status (Table 4) .
The associated general health was compared between respondents from the repeat prescription and general population samples (aged 25-64) ( Table 5 ). There was poorer health among the repeat prescription sample in all dimensions measured, whether all respondents were considered, or only those aged 25-64 with severe chronic back pain who agreed to participate in further research. This was the case both in the 1996 and in the 2000 survey. Among those with chronic pain, this was found on the CPG to be more severe in the repeat prescription sample than in the general population sample (P Ͻ 0.001, Mann-Whitney U testing). This was the case in both 1996 and 2000 for all respondents, and in 2000 only for those aged 25-64 with severe chronic back pain.
Discussion
The challenges associated with recruitment for largescale surveys and RCTs are well-recognized [31] [32] [33] [34] although little research has been specific to primary care. This study has compared the effects of two different methods of sampling patients for primary care research, both for an intervention study and for epidemiological research. Although it was not designed specifically for this purpose, the study provides an indication of potential case identification, response and follow-up rates for primary care research. Both methods used strategies that are associated with increased response rates, 34 and produced reasonable results, but the targeted convenience (repeat prescription) sample was approximately five times more efficient at identifying potential subjects for our hypothetical intervention study.
The 'number needed to sample' (NNS) could be defined as the number of people sampled for an initial inquiry to produce each subject that participates in the final or main study (which may be an RCT, but may also be more intensive data collection or interview). This takes account of response rates, eligibility according to the main study criteria, and agreement to participate in the main study. The NNS can be calculated as the initial sample size divided by the final sample size, and provides an indication of the efficiency of the initial sampling method.
For our hypothetical RCT, which, although not intended as a model study, was based on a recent example, 11 the NNS was 9.9 for the repeat prescription sample, compared with 54.7 for the general population sample. These figures assume that everyone in our samples who agreed to participate in further research would consent to participate in the hypothetical RCT, and are probably artificially low as a consequence. 33 Both of our sampling methods were able to identify individuals' ages before sampling. Other general population sampling frames (such as the electoral roll), or targeted convenience sampling frames (such as prescriptions received by a pharmacist) may not allow the identification of age. If the age of those in the sample were not known, the NNS for the repeat prescription sample would have been 16.8, and in the general population sample it would have been 83.9. If calculations were based on retention in the trial after four years, the NNS would be 18.0 and 121.6, respectively, if ages were known prior to sampling (and 30.4 and 186.5, respectively, if ages were not known). There are therefore likely to be considerable economic benefits in targeted convenience sampling for primary care research, and in using primary care sampling frames. There are, of course, ethical and resource implications inherent in trying to recruit patients for an RCT irrespective of whether they have attended a GP with the symptoms or condition under question, and these need to be considered before embarking on such an approach. In this respect, targeted convenience sampling will not seek the participation of so many individuals for whom the research is not directly relevant, or who are unlikely to benefit from it, and may be preferable. Our NNS figures relate to chronic back pain, which is a relatively common condition in the community. 28 The NNS would be much higher for rarer conditions, and the gulf in NNS between targeted convenience and general population sampling greater still. Many RCTs in primary care require multi-centre sampling techniques with cluster randomisation, 35 with greater sample size requirements 36 and further inflation of the NNS. Another complication arises from changes to the data protection legislation and guidance since we sampled for our study in 1996. 37, 39 Contacting individuals identified through the CHI and similar databases now requires the intercession of a 'Caldicott guardian', independent of the research team, who makes initial contact with potential subjects and only provides their personal details to the researchers after signed consent to do so is obtained. Although experience in response rates since this introduction is limited, initial indications are pessimistic, with response rates from 25%-60% obtained in Grampian; consent rates have been higher (around 60%-80%) for targeted samples (V Angus, L Iversen, The 'number needed to sample' in primary care research 211 pers. comms). This seems likely to further inflate NNS, particularly from general population sampling frames, and strengthens the case relatively for targeted convenience sampling. Considering the relevance for epidemiological research, there were higher response rates overall and in the oldest and youngest age groups from the repeat prescription sample than the general population sample, and the repeat prescription sample was therefore more representative of its population. These differences may indicate a greater willingness for individuals to participate in research that seems to be relevant to them. However, the follow-up rates were the same in both samples, with the relatively good health found in the general population sample at follow-up possibly making their responses more likely. This information will inform sampling for cohort studies.
Simple comparison of the age and gender of a study population with that of the general population, in attempt to examine representativeness, may be insufficient and misleading, and subsequent extrapolation inappropriate without caveat. We found important demographic differences between each sample. It is likely that our general population sample represented the populations of the participating practices (after stratification), and broad comparison with the Grampian population supports this. 39 The extent of these differences, and the number of variables affected suggest that a study population selected by targeted convenience sampling may be very different from the general population, and this would need to be acknowledged in epidemiological research.
There were, however, no demographic differences found between the two sampling methods among those aged 25-64 with severe chronic back pain who agreed to participate in further research (the hypothetical RCT sample), with the exception of employment status (Fig. 2) . This may reflect similarities related to the presence of similar pathology, and supports the external validity of targeted convenience sampling for an RCT. The health of those in the repeat prescription sample was poorer, though, and the pain tended to be more severe than those in the general population sample, even among those in the hypothetical study sample. These differences would be important in extrapolating the results of an RCT to a general primary care population, which will include older people and others not fulfilling the inclusion criteria for this hypothetical study, yet for whom an intervention may be considered. Depending on the intervention, poorer initial health, perhaps with co-morbidities, may render an intervention aimed specifically at chronic back pain (for example physical therapy) less likely to be beneficial, and underestimate its effectiveness in the general population. On the other hand, because of a greater overall potential for benefit with poorer initial health, an intervention aimed at a broader view of health (such as cognitive behavioural therapy or alternative therapy) may exaggerate the effectiveness in a population with less severe disease.
Conclusion
We have compared two methods of sampling in primary care, based on repeat prescribing and general population sampling frames, using a hypothetical intervention study in chronic back pain. We have demonstrated that there are considerable advantages of efficiency in using targeted convenience sampling, which is associated with a lower 'number needed to sample'. However, there are likely to be some important health and demographic differences that will limit generalisation of results pertaining to an intervention tested in a targeted convenience sample to a general primary care population. This paper illustrates what some of these differences might be. Extrapolations based only on age and gender may be misleading. In all studies, the sampling technique and consequent interpretation of results must be fit for the purpose.
